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Introduction
Does education reduce crime rate? Simple statistics, coupled with the empirical evidence, suggests that criminals tend to be less educated and from poorer and more disadvantaged backgrounds than non criminals. In 2001 more than 75% of the overall convicted population in Italy had not graduated from high school and, analogously, in the US two-thirds of the incarcerated men had not attained this level of education (Freeman, 1996) .
Despite this evidence, few papers have studied the relationship between education and crime.
Recently, Lochner (2004) and Lochner and Moretti (2004) find a significant and robust inverse relationship between crime and high school graduation.
The purpose of this paper is to study whether education affects crime rates over and above its effects trough market returns. Education may affect the decision to engage in criminal activities through several channels. First, higher levels of schooling are associated with higher wages, increasing the opportunity cost of criminal behaviour. Second, education may alter personal preferences so to affect decisions to engage in crime. In particular, Fajnzylber et al. (2002) suggest that, by incorporating a civic component, education may affect the individuals' perception of crime. Similarly, Usher (1997) stresses that education has a "civilization" effect beyond its market effect. Third, independently of the level of schooling, school attendance alone, reduces the time available for participating in criminal activities (Witte and Tauchen, 1994) .
We identify some of these channels by using a simple dynamic model of individual choice, and test a number of these hypothesis using a panel dataset for the Italian regions, covering the period 1980-95. Clearly, the use of individual data would be ideal to study the relationship between education and crime, since these datasets usually provide a large number of controls related to socioeconomic and sociodemographic variables.
The key empirical difficulty in estimating the relationship between education and crime is the possible presence of unobserved characteristics and factors affecting both schooling and crime decisions. For this reason, care must be given to the particular identification strategy one uses.
For instance, Lochner and Moretti (2004) use changes in compulsory schooling laws over time as an instrument for education. In the absence of a credible instrumental variable for education in the Italian case, and in order to mitigate omitted-variables bias, we take a large number of precautions. First, we exploit the panel aspects of our data by estimating models allowing for region fixed effects, year effects and region-specific linear and quadratic time trends (Raphael and Winter-Ebmer, 2001) . In these models, the trend is included to capture all trending (but omitted) variables that can influence crime rates; therefore, identification comes from nonlinear deviations of education from the time trend.
Second, we control extensively for observable socio-economic and deterrence variables, such as labour market opportunities (wage and employment rate), GDP per capita, GDP growth rate, police forces, quickness of conclusion of judicial proceedings and percentage of crime committed by unknown offenders.
Third, we adopt different measures of education. This allows us to test the fact that crime rate could depend more on variation in high school graduation rates than college graduation rates; as shown by statistics on convicted population presented above, marginal criminals tend to be high school drop outs.
Fourth, we study the correlation between education and, separately, property crime, theft and total crime, which allows us to avoid aggregation bias (Cherry and List, 2002) .
Unfortunately, individual panel data for Italy are not available and then the use of regional panel data represents the "second best" methodological option.
Finally, in an attempt to account for inertial effects of crime we propose a dynamic panel data model, estimated by means of the GMM-system estimator.
Our findings suggest that education is negatively and significantly related to crime rates even after controlling for labour market opportunities. Results show that crime rate displays persistence over time. Interestingly, high school graduation rate is significantly and negatively correlated to crime rates, while college graduation rate seems to not exert a significant effect.
The paper proceeds as follows. Section reviews 2 previous studies. Section 3 describes our dataset and discusses some empirical issues. Empirical results are presented in Section 4. Section 5, finally, concludes.
Previous Studies
The idea that education may have a negative effect on crime through its effect on wages is not a new one. Theory suggests several channels through which schooling may affect criminal behaviour. Most of these contributions stress how education raises individuals' skills and abilities, thus increases the returns from legitimate work, raising the opportunity costs of illegal behaviour.
But there exist benefits from education that are not taken into account by individuals; this implies that the social return of education is higher than its private return (Lochner and Moretti, 2004) . Lochner (2004) explores the relationship between education and crime within the standard Becker (1964) and Ben-Porath (1967) investment model of human capital formation. Using micro data from the NLSY Lochner finds a strong negative effect of education both on unskilled property crime and violent crime. Similarly, Lochner and Moretti (2004) using three different data sources (Census, Uniform Crime Reports and NYLS79) confirm that education significantly reduces criminal activity. A different approach is followed by Usher (1997) . He suggests that education may also have a "civilization" effect beyond its market effect. Education conveys a civic externality, a benefit to society over and above the benefit to the student in enhancing his future earning power. The civic externality is incorporated into an "anarchy" model where people choose to be farmers or bandits, and schooling inculcates distaste for a life of crime. Furthermore, Witte and Tauchen (1994) suggest that school enrolment alone, independently of the level of schooling, reducing the time available for participating in the crime activity leads to a reduction in the crime rate. We use data from 1980 to 1995 when discontinuity arose following the adoption of a new classification system (SECS95). Moreover, police data at regional level are available until 1996.
Data and Empirical Metodology
Quarterly Labour Forces. The variable Enrolment, taken from ISTAT, is defined as the ratio between students enrolled in high-school and university and the total population of each region.
We use four deterrence variables: quickness of conclusion of Istruttoria and Primo Grado (Istruttoria) and Appello and Cassazione (Appello) measured as inverse of average length of judicial process, 4 percentage of crimes committed by unknown offenders (Unknown) as proxy of the probability of apprehension, measured as the ratio of crimes committed by unknown offenders to all recorded crimes in each category and, finally, the extent of police forces (Police), normalized by population. 5 All these four variables are taken from CRENoS.
We complete the dataset by adding a set of socioeconomic variables taken from ISTAT. In particular, the employment rate (Employment), the average regional wage (Wage) at 1990
constant price, GDP per capita (GDP) at 1990 constant prices and the growth rate in GDP (Growth). Employment and Wage capture the labour market opportunities of the region that, as shown in our theoretical model, may represent two important determinants of crime behaviour.
Following Ehrlich (1973) we can consider the GDP and Growth as proxies for the general level of prosperity in the provinces, thus as indicators of illegal income opportunities.
The empirical procedure and the econometric issues
The key empirical difficulty in estimating the effect of education on crime is the presence of unobserved factors affecting both schooling decisions and criminal behaviour. More generally, estimated coefficients may be biased upward, leading us to overestimate the effect of schooling.
To address unobserved heterogeneity problems, the best option would be to use a credible instrumental variable for education. In the absence of such an instrument for the Italian case (i.e. change in compulsory schooling laws), as previously discussed, we extensively control for socioeconomic and deterrence variables and exploit the panel structure of our dataset to net out variation in crime rates due to unobserved factors. Following Raphael and Winter-Ebmer (2001), we include region fixed effects to control for variation in crime rates determined by characteristics that vary across regions but are constant over time. Moreover, we include time year effects in order to adjust for the effect of factors that cause yearly changes in crime rates that are common to all regions. Finally, we add to our econometric specification both linear and quadratic region-specific time trends to control for variation in within-region crime rates due to factors that are region specific over time. In our model, the education-crime effect is identified using within-region variation in the education measure (relative to the national rate) after netting out region-specific time trends. Such a flexible specification should control for the influence of many unobserved factors.
Therefore, our most complete econometric specification is:
(1)
where the subscripts i and t represent region and time period, respectively; α i is a region fixed effect, τ t is a time fixed effect, Crime i,t is the crime rate, Edu i,t is the education measure (as defined in the data section), X i,t is the set of explanatory variables as previously defined, time t and time 2 t are linear and quadratic region-specific time trends and ε i,t is the residual.
Discussion of results

Main Results
Our basic fixed effects estimates, that do not include linear and quadratic region-specific trend, are shown in Table 2 .
Our findings suggest that education has a negative effect on crime rate over and above its effect through labour market returns. Both High School and Avg Years School are negatively and significantly correlated to crime rates even after controlling for labour market opportunities. As regard to the additional regressors, GDP and Enrolment show significant coefficients with expected signs for every classification of crime rate. Furthermore, Unknown is positively and significantly correlated both to property and total crimes.
The results presented so far suggest that education exerts an effect on the three categories of crimes used. However, in order to account for unobserved factors linear and quadratic regionspecific trends are added to our baseline specification.
The results, presented in Table 3 , indicate that the size of the coefficient on education measure decreases when linear and quadratic region-specific trends are included. These estimates are in line with our previous results, with the exception of total crime rate.
It is worth to notice that crime rate is negatively correlated to High School, while it is not significantly correlated to University. The intuition behind this result is that, in equilibrium, marginal criminals tend to be high school drop outs, not college graduate. Our findings are in line with Lochner and Moretti (2004) that find that the effect of high school graduation is larger than the effect of an additional year of school.
The econometric estimates corroborate the predictions of our theoretical framework.
Education -both measured by High School and Avg Years School -exerts a negative and significant effect on property crime, theft and total crime rate even after controlling for socioeconomic variables and in particular for labour market returns and opportunities. Finally, Enrolment has a negative effect on crime rates, giving support to the incapacitation role of school attendance (Witte and Tauchen, 1994) . 
Accounting for Crime Dynamics
Finally, we consider dynamics in delinquency. Previous works strongly suggest the possibility of criminal hysteresis or inertia (Sah, 1991; Glaeser et al., 1996; Fajnzylber et al., 2002) ; in other words, higher crime today is associated with higher crime tomorrow (i.e. persistence over time).
In an attempt to account for inertial effects of crime, we propose a dynamic panel data econometric model:
To estimate equation (3) we employ the GMM-system estimator. For a detailed discussion about the econometric methodology employed in this section, we refer to Appendix D of Fajnzylber et al. (2002) .
The GMM estimates, presented in Table 4 , corroborate our previous results, suggesting that endogeneity of education does not seem to bias estimates of the effect of education on crime (Lochner, 2004) .
Both High School and Avg Years School show a negative effect on property crimes and thefts. Lagged dependent variable, GDP and Unknown have significant coefficients with the expected signs for both property crimes and thefts. Crime rates display persistence over time. In particular, total crime rate show a bigger degree of inertia compared to property crime rate and thefts rate.
Wage and Employment are negatively and significantly associated to crime rate, even if their significance depends on the measure of education used. Deterrence variable (Police, Primo Grado and Appello) are not statistically significant.
With regards to the GMM specification tests both the Sargan and the second-order autocorrelation statistics support the correct specification of our econometric model. Finally, time dummies are jointly significant in all the models estimated.
Concluding Remarks
In this paper, we study whether education exerts a non-market effect on crime rate. For our empirical analysis we use a panel dataset for the Italian regions over the period 1980 to 1995.
Given that a credible instrumental variable is not available for Italy (i.e. change in compulsory schooling laws) we include region fixed effects, year effects and linear and quadratic regionspecific trend to net out variation in crime rates due to unobserved factors. This approach partially allows us to tackle the fact that education is not likely to be exogenous, but one should be cautious in interpreting our findings in a causal way. Our empirical results indicate that education exerts a negative significant effect on crime rates after controlling for socioeconomic and deterrence factors. Both the share of population with a high school diploma and the average years of schooling of the population are negatively and significantly correlated to every classification of crime rate. Moreover, in line with previous results and simple statistics, we find that crime rate depend more on high school graduation rate than college graduation rate giving support to the intuition that marginal criminals are high school drop out or high school graduates, not college graduates.
Our findings suggest that education has a negative effect on crime rate over and above its effect through labour market returns.
Appendix A: A Simple Model of Education and Crime
Consider a representative economy where individuals decide how to allocate their available time each period to education, crime and work in the legal sector with the aim of maximizing their expected disposable income. Individuals are endowed with an initial level of ability h 0 , that represents the level of ability acquired during primary school, and learning ability ε. Denote level of ability at time t by h t =h (s t-1 ,ε) , time spent for education, s t , and time for committing crime d t .
Total time each period is normalized to 1, so time spent working is l t =1-s t -d t . Each period individuals earn w t h t l t from legal work, where w t is the wage rate. If an individual is engaged in criminal activity, she obtains with probability (1-π a ) a return R(d t ,h t ), function of the time devoted to crime activities and individual ability.
Returns from crime are assumed to be strictly increasing and concave in d t and non decreasing in h t . With probability π a a criminal is apprehended and punished. An apprehended criminal goes to jail for the entire period in which she is apprehended 7 and received a punishment
The individual's maximization problem is: 
The first order conditions with respect to s 1 , d 1 and d 2 for an interior solution are:
Equations (a4) and (a6) suggest two channels through which education can affect criminal decisions. First, education increases individual returns from work, thereby increasing the opportunity costs of crime.
9 Second, education affects the net marginal returns to crime. Equation (a5) allows us to study the costs and returns of education. On the one hand, a higher education implies higher returns both from work and crime; on the other hand, an individual with a high level of education if apprehended and convicted experiences a greater earnings loss. Thus, more time invested in education in the first period is associated with higher expected returns in the legal sector in the second period, this corresponds to a higher opportunity cost of crime and then to a lower level of crime in the second period. Hence, the first testable prediction of our model is that higher level of education is correlated to less crime. Moreover, our model suggests that the higher the fraction of time spent committing crimes in t=1, the higher the fraction of time committing crime in t=2. A higher level of time spent committing crimes in the first period implies less time dedicated to schooling in the same period.
This reduces expected returns in the legal sector in t=2, which, in turn, lower the opportunity cost of committing crime in t=2. In this sense, our model predicts criminal inertia, which is the second testable hypothesis of our model.
Our theoretical model has other testable implications. It allows us to study the effect of wage on crime. However, we need to distinguish between first and second period. An increase of wage in the first period implies that education and crime are more costly in terms of foregone income, by choosing less education individuals will have a lower wage in the second period, and then the level of crime will be higher being the opportunity cost of crime lower. On the other hand, a higher wage in the second period reduces unambiguously time spent in crime in t=2. Finally, prevention and effective law enforcement policies reduce crime rate: an increase in the probability of apprehension (π a ) corresponds to a reduction of the expected return from illegal activities, and this leads to a reduction in the level of time spent in committing crime. (Arellano, 1987) . ***, ** and * indicate coefficient significant at the 1%, 5% and 10% levels, respectively. All regressions include a full set of region and year fixed effects. Each regression has 304 observations and cover the period 1980-1995. Columns (a) present the results obtained when we use the percentage of population with high school diploma and the percentage of population with university degree as measure for education, in columns (b) we report the results when the average years of schooling of population is used. (Arellano, 1987) . ***, ** and * indicate coefficient significant at the 1%, 5% and 10% levels, respectively. All regressions include a full set of region and year fixed effects. Each regression has 304 observations and cover the period 1980-1995. Columns (a) include linear region-specific time trend, while column (b) include both linear and quadratic region-specific time trend. (Arellano, 1987) . ***, ** and * indicate coefficient significant at the 1%, 5% and 10% levels, respectively. All variables are instrumented using lag t-2. Each regression has 304 observations and cover the period 1980-1995. Columns (a) present the results obtained when we use the percentage of population with high school diploma and the percentage of population with university degree as measure for education, in columns (b) we report the results when the average years of schooling of population is used.
